In the quest for farmers to get maximum output and improve their livelihood within the major constraint of depending on rain-fed agriculture, the issue of having access to weather forecast information is very important. A contingent valuation method was used to elicit the amount farmers are willing to pay for accessing unpriced weather forecast information in the Savelugu-Nanton Municipality of the Northern Region. Farmers were also asked to rank weather forecast variables according to their level of importance. An open ended stated preference approach was employed. The study also used multivariate regression model to identify the factors which significantly affect the amount farmers are willing to pay for weather forecast information. Chance of rain was considered the most important weather forecast information required by farmers. The study found out that farmers on the average are willing to pay an amount of GH¢41.20 annually for weather forecast information. The study revealed that age, sex, farm size and on-farm income significantly and positively affect the amount farmers are willing to pay for weather forecast information. Weather forecast information delivery should therefore be a key factor in all agriculture policy discussions in enhancing farm risk management. Government and investors could also increase their revenue base by expanding and providing weather information to farmers for a fee.
Weather information is a public good which farmers all over the world need in making decisions in relation to the management of their farming activities. It helps in the management of on-farm and off-farm risk. Most of the farming activities depend greatly on weather. The role of weather information in farming cannot be underestimated. Predictions of weather information are critical in farming. Several governmental and non-governmental institutions around the world are involved in weather pattern predictions and information delivery. In ancient times, many philosophers have used weather to predict events in the world. Graham et al. (2002) indicated that, «by the end of the renaissance, it had become evidently clear that the speculations of natural philosophers were inaccurate and that greater knowledge was necessary to further the understanding of the atmosphere». Scientific weather forecasting which is more accurate, credible and reliable emerged in the mid nineteenth century. The changing climatic conditions are now closely monitored by scientists all over the world.
There is a strong correlation between climate change and agricultural production. The Intergovernmental Panel on Climate Change (IPCC) has predicted that considering the spate of changes in climatic conditions, rainfed crop production could decrease by 50% by 2050 (IPCC, 2007) . According to International Food Policy Research Institute (IFPRI) (2009), most African countries particularly those in sub-Saharan Africa are the most vulnerable to changes in climatic conditions owing to the fact that agriculture forms a larger share of GDP, export incomes and employment. Therefore, understanding the expected short run and long run changes in the weather variables will go a long way to assist smallholder farmers plan for the framing activities with the aim of lessening the potential effect of the weather.
The availability, accessibility and usability of accurate weather information is critical to farmers especially smallholder farmers. Inaccurate weather information affects particularly smallholder farmers whose livelihood depends mostly on agriculture. All over the world, weather information is regarded a public good with the properties of non-excludability and non-rivalry. Owing to this, governments around the world play a principal role in the provision of weather information to the general public. In recent times, the public good property of weather information is fading out since certain people cannot obtain certain critical and vital weather information. In Ghana, weather information comes in the form of quasi-public good with some excludability. This feature makes it possible to deny others from using forecasts information without paying. The institution responsible for weather forecasting in the country is Ghana Meteorological Agency (GMA). Its mandate is to collect data about weather variables, analyse them, and provide services on individual basis to farmers, research institution and other private and public agencies. The agency charges a fee depending on the information being sought for and the use of the information. Majority of smallholder farmers recognizes the availability of weather information as a sole responsibility of government. Hence, they do not realise the need for them to personally seek for weather information since they believe it is a public good. Meanwhile, certain vital weather information require by farmers for specific farming purposes are not made available to the general public. Apart from sketchy information that farmers get on radios and televisions, they do not have the opportunity to access it at their own will for their own specific need.
The essence of weather information cannot be underscored within the prevailing trend of erratic weather patterns. Mabe et al., (2012) estimate the adaptive capacities of rice farmers in the face of climate change in then Savelugu-Nanton Municipality and TolonKumbungu Districts. This study failed to look at whether farmers who have access to weather information are highly adaptive to climate change or not. It is expected that for smallholder farmers to adapt well to climate change, they should have the access to weather information. Many researches on climate change in the study area and Ghana as a whole (Stephens, 1996; Mabe, 2013; Stutley, 2010; Nakuja, 2012 etc) failed to value farmer's willingness to pay for weather information. Considering the vulnerability of farmers in the study area to weather variability; one need to ask whether farmers are willing to pay for weather information or not. If they are willing, at what value and what are the determinants of their willingness to pay?
LITERATURE REVIEW
The Evolution of weather forecasting. The evolutions of weather prediction over the years have fascinated several scholars and people of elite found within the field of climate and weather related studies. Many countries attribute forecasting of weather changes to ancestral lineage. Weather forecasting can be traced back to the early civilization, where metrological events were used to predict likely future happenings. According to Graham et al. (2002) , in the year 650 B.C., Babylonians predicted temporal weather changes based on visual signs of clouds and other such phenomena. The study further revealed that, scientific weather observation stations emerged in 1860's spreading all over the world, thereby providing synoptic weather forecasting.
Use of weather information. Agro-meteorological information supports all aspects of farming and related agricultural activities worldwide. Irrespective of the spate of technological advancement, a greater portion of agricultural production occurs in the natural environment. Therefore, changes in the weather conditions affect agricultural production. Considering the cost of agricultural production, accurate weather information can help farmers take prudent decisions to reduce the wasteful use of agricultural inputs. It can also ensure optimality in the operations of weather-specific activities during production (Predicatori et al. 2008) . Forecast that offer accurate information on humidity, drought, temperature and rainfall remains vital in helping farmers to optimally allocate resources. Another point of view as expressed by Craft (2001) indicated that, the most obvious use of weather information is the influence that such information would have on decisions taken in response to expected outcomes. The author also asserted that, weather information can indirectly affect prices of agricultural produce through supply chain.
Farmers use weather forecast information to help them decide when to start production. They use weather forecast information such as prediction of precipitation (amount and pattern), temperature, wind speed and direction, solar radiations, humidity and evapotranspiration. The predicted weather information on these variables is either metrological or climatological. Metrological forecast is the type of forecast that covers the time period from hours to less than fifteen days whilst climatological covers a time period from fifteen days to infinity. All these information can be used for short run or long run planning purposes in farming.
Demand for weather information varies among different actors in the agriculture value chain. Weather forecast provided via mobile phone technology is highly sought by smallholder farmers in Kenya (Pshenichnaya, 2012) . Meanwhile, the demand for weather information by farmers depends on the attributes of the particular weather information. Stone and Meinke (2006) looked at weather information as a product for farmers in two distinct forms; tactical (short-term) and strategical (long-term) based on the time range to which key management decisions are influenced by weather information. Sonka et al. (1987) indicated that, to ensure efficiency in the farming process, key areas of production where tactical changes can be made should be identified in order to prevent loses in predicted belowaverage rainfalls and take advantage of above-average scenarios.
Weather information as a public good. Non-market valuation methods have been used by many researchers to value many public or quasi-public goods. Weiher (2002) looked at forecast information as a public good which is «non-rivalry» and potentially «non-excludable». A public good is a good which is openly available equally to everybody and one person's usage of the good causes no change to its value. In a sharp contrast, Lazo (2006) looked at weather information as quasi-public good. Quasi-public goods are «excludable» and «rival» in nature. This classification implies that some weather forecasts come with the possibility that other people cannot access them without paying and some also come with the possibility that persons previewed to the information may have competitive advantage from knowing what someone else does not.
Valuation of weather information. Contingent valuation method (CVM) has been used by many researchers. It involves the use of field survey to elicit information on the value people assign to non-market goods. CVM is an economic valuation which refers to the assignment of monetary values to the changes in environmental services and functions and to stocks of environmental assets» (Pearce et al., 2000) . Davis (1963) is credited for the practically usage of CVM to estimate the value that hunters and tourists place on marine wood. Weather information comes as a public good, in the sense that, it has no existing data on market prices and quantities.
Many researchers around the globe have dealt with valuation of weather predictions and their resultant economic effect. estimated the benefits generated from weather information usage by commercial users. Williamson et al. (2002) examined how enhanced forecasts made by satellite data have led to several social and economic benefits. In addition, Davidson et al. (2012) demonstrated the economic value of environmental prediction of weather information to selected enterprises involved in the production, transmission and distribution of energy. On the other hand, several studies have also looked at value of weather information with respect to agriculture. Predicatori et al. (2008) determine the real value of weather forecast information in addition to cost benefits analysis, Spicka and Hnilica (2013) gave overview on data sources and evaluation of weather derivatives.
METHODOLOGY

Empirical determination of the level of importance farmers attached to weather forecast variables.
Inadequate weather information and its adverse effects on farming can be effectively reduced through the provision of adequate weather information to farmers. Adequacy of weather information also depends on the content and the importance of the content to be delivered to farmers through which they can base their farming decisions. In this study, farmers were asked to indicate the level of importance they attach to six weather forecast variables (WFV). These WFV are chance of rain, amount of rain, cloudiness of weather, low temperature, high temperature and windiness of weather. Table 1 shows how farmers attached importance to weather forecast variables. For instance, if a farmer attributes extremely importance to chance of rain, then a score value of 5 is recorded against chance of rain. A least score value thus 1 indicated against a weather forecast variable show that it is not important at all to the farmer. In determining the mean score value for the rankings the level of importance of WFV, the formular given below is used:
where WFV = Weather forecast variable. The WFV with the highest mean score is the one which is extremely important and most preferred by farmers. The higher the mean score value, the more important and preference farmers attached to the phenomena of weather forecast variable concerned.
Conceptual framework of contingent valuation method. Weather and climate forecast information can only be said to be having value if they results in improved decision making for the betterment of human life. Weather information is supposed to be used for societal well-being. Farmers are one of the social and economic groups of people who require weather information in their agricultural activities. This implies when appropriate weather forecast information are made accessible to farmers for use, they would be able to improve upon agricultural production through prudent decision on all stages of the production process. Weather forecast information has a value. The method which is widely used to elicit the value of a non-market good is contingent valuation method (CVM). CVM involves direct questioning of respondents to state their willingness to pay (WTP) for increase in quantity or quality of a good or willing to accept (WTA) a compensation for the reduction in quantity or loss in value of a good. This technique of valuing the environment allows for the identification of preferred plan for weather information from the demand perspective. Stated preference approach and revealed preference approach are the two CVM which can be used to determine the value of an environmental good. In this paper, the researchers used a stated preference technique that allows the respondent to have enough flexibility to state willingness to pay for both used and unused resources.
Theoretical framework. The theoretical underpinning of CVM is the theory of consumer behavior. Consumers are rational and aim at maximizing utility from any bundle of goods. It is imperative to note that utility function and attributes of the commodity under question must be critically considered in the estimation of WTP. An individual seeks to maximize utility of a good (in this case weather forecast information) subject to a given constraint. Meanwhile, Khuc (2013) used indirect utility function to derive WTP for drinking water in Vietnam. In equation (2) below, a farmer aims at maximizing utility derive from using weather forecast information in agricultural production process given the quantity of the forecast information and income.
Meanwhile, utility function is a summary of one's preference and taste for a commodity with regard to purchases which affect the expenditure. Khuc (2013) indicated that an individual rather seeks to minimize his or her expenditures in order to attain a certain level of utility u*. Therefore, the expenditure function for a farmer when the quantity (q o ) of weather forecast information is delivered by government without charging a fee is given as:
For a farmer to willingly source for specific quantity and quality (q 1 ) of weather forecast information to meet his or her own need in production activities, that farmer is prepared to increase his or her expenditure. The WTP is then derived as the difference in the farmer's expenditures thus: Empirical model. In this study a farmer is asked to state how much he or she is willing to spend in order to obtain or access specific weather forecast information per year. The average WTP is calculated using the formula below:
where, 'n' is number of respondents.
Meanwhile, the stated WTP amount by each farmer is determined by certain socioeconomic factors. In describing decision of farmers to pay for the provision of weather information, this study based on the principal idea that people have preferences for public goods and these interests are not known (Sumukwo et al., 2012) . These preferences can therefore be stated in money equivalence in making bids for willingness to pay. Farmers have varying willingness to pay amounts for weather information and hence, there is the need to determine determinants of willingness to pay bids. Acquah (2011) identified age, household size and years of farming experience as determinants of willingness to pay for climate change mitigation. Sumukwo et al. (2012) in the analysis of willingness to pay for improved household solid waste management considered sex, age, education, income and total disposal methods available to households. In a study conducted by Kwadzo et al. (2013) on food crop farmers' willingness to participate in market-based crop insurance scheme in Ghana used, they used farmer characteristics such as age, educational level, household income, years of farming (experience), farm size, land tenure, enterprise diversification, total asset and total debt as the independent variables. Danso-Abbeam et al. (2013), regressed age of farmer, age squared of the farmer, gender, size, number of years in farming cocoa, farmer-based organization, farm size, ownership of farm land, average age of the cocoa farm, average age squared of the cocoa farm, income from cocoa farm and whether farmers are aware of cocoa insurance policy on the willing to pay bid for cocoa insurance in Ghana. This study considers age, sex, membership of an FBO, access to extension services, farm size, on-farm income level, off-farm income, educational level and years of farming experience as the explanatory variables.
Empirically, the WTP amount is regressed on the socioeconomic factors as stated bellow. Different functional forms such as; linear, log-linear, linear-log and log-log regressions were used to estimate the parameters and the best-fit function (linear-log) was adopted for this study. Sampling method and sample size. The study used a multi-stage sampling technique. The researchers purposively selected Northern region for the study. This was as a result of the fact that it is the largest region with largest number of smallholder farmers in Ghana. After the selection of the region, all the 26 districts in the region were given an equal chance of selection through simple random sampling. The communities were randomly selected. Also, ten respondents each were randomly interviewed in ten communities (Bunglung, Botingli, Damdu, Challam, Yong, Tunayili, Dipeli, Diare, Gushei, and Adayili) within Savelugu-Nanton Municipality. Therefore, a total number of 100 farmers were diligently interviewed. Many economists have stated varying biases on CVM including hypothetical bias, strategic bias, information bias and embedding effect (Spash, 2008) . Meanwhile, carefully selected steps were taken to help mitigate the effects of these prospective limitations on the outcome of this study. A hypothetical situation was created and the respondents were given clear explanations and feedback taken to ascertain level of understanding before the interview was conducted. The respondents were asked to state their willingness to pay for accessing scientific weather forecast information.
Study area. Savelugu-Nanton Municipality is one of the districts in the northern region of Ghana. The Municipal capital is Savelugu and it is about 25km from Tamale. The municipal shares boundaries with Tolon and Kumbungu Districts to the west, West Mamprusi and Mamprugu-Moaduri Districts to the north, Tamale Metropolis to the south and Yendi Municipal to the South-East. The municipality has a population size of about 112,797 with annual growth rate of 3% and an average household size of 8.7 persons per household. Peasant level agriculture is predominant as it engages about 97% of the labour force. Some major crops cultivated within this municipality include maize, groundnut, soyabeans and rice. Temperatures in this municipality are usually high, averaging 34 0 , with maximum 42 0 and minimum 16 0 .
RESULTS AND DISCUSSIONS
Demographic characteristics of respondents. The total number of respondents interviewed in Savelugu-Nanton Municipality was 100. Out of this number, 85% of them were male and 15% females. The average age of respondents was 40 years. Ages within the range of 41 -50 were the majority representing 26% of the total respondents. They were followed closely by 31 -40 years with a percentage of 24%. Range of ages of 51 -60, 61 -70 and 21 -30 recorded percentage values of 18%, 14% and 13% respectively. The age range 21 -30 emerged as the least of the respondents and this shows how the young adults and the youth are less engaged in farming. Most of the energetic youth travel out of the communities in search of greener pastures leaving the farming business to the aging group.
Sixty percent (60%) of the respondents had no formal education and 40% had some form of education. Out of the 40% who are educated, 37.5% had primary education, 15% had middle school education, 17.5% had junior high school (JHS) education, 27.5% had senior high school (SHS) education and 2.5% had tertiary education. It is expected that farmers who are able to read and write on farming processes and keep clear data on their activities on the farm would enjoy higher agriculture productivity. Farmers with farm sizes within the range of 6 -10 acres led the population with 48%, followed by 1 -5 with 31% and 11 -15, 16 -20, and 21 -25 acres representing 16%, 4% and 1% respectively. On-farm income received by farmers in the 2013 farming season ranges from GH¢139.00 to GH¢19,400.00. Majority constituting 58% of the respondents interviewed earned an annual on-farm income between GH¢1.00 to GH¢2,000.00. The least number of farmers (2%) received an annual on-farm income of GH¢8,001.00-GH¢10,000.00 whilst 26%, 8%, 4% and 3% of the sampled farmers earned an annual on-farm income of GH¢2,001.00-GH¢4,000.00, GH¢4,001.00-GH¢6,000.00, GH¢6,001.00-GH¢8,000.00 and above GH¢10,000.00 respectively.
Ranking of weather forecast variables according to level of importance. The use of weather forecast variables varies from farmer to farmer. The weather forecast variables do not have the same level of importance. Farmers ranked their preference for weather forecast variables by revealing the importance to which the given weather forecast phenomena would contributes to their production activities. The mean score values and the rankings for the weather forecast variable are indicated in table 3 below. In all, chance of rain was ranked first indicating that it is the most importance weather indicator they need in their farming activities. The mean score value of 4.75 was recorded for the chance of rain. This suggest that farmers prefer to be updated on chance of rain more frequently as it helps them to plan on when to plant or more generally on when to start certain farming activities. The second most important weather forecast variable that farmers need information on is the intensity of rain. The rainfall intensity affects erosivity of soil as well as crop yield. The ability of farmers to till the land either manually or mechanically depends heavy on the intensity of rainfall received. When the rainfall intensity is very low, farmers will not be able to plant crop. From table 3 below, it is clear that the humidity of the weather is not so much important to farmers in the study area. It is the weather forecast phenomenon which scored the lowest level of importance thus 3.98. According to the level of importance, cloudiness of weather, the degree of hotness or coldness of the weather and windiness of weather had the mean score values of 4.31, 4.21 and 3.99 respectively. Source: Field survey (2014) Willingness to pay for scientific weather forecast information. A hypothetical market was presented to respondents for the purpose of contingent valuation. The scenario was carved to include statements such as: «a firm is ready to deliver weather information to respondents through mobile calls». They were also informed that the information would be conveyed in their own local languages and they would have the chance to interact and ask what ever information they want about weather information. Lastly, we told them the information would be location specific and not general. When respondents were presented with this market scenario and had clearly understood of it, they all expressed that they would want to have such service and they are ready to pay. They were of the view that access to weather information via mobile phones would help them very much in the work on farm. Respondents were willing to pay money or give out some produce to the service provider at the end of the farming season. They were willing to give either a bag or half a bag of the following; maize, groundnut, aleefu, rice, soybeans and Bambara beans. Some also were willing to give tubers of yam, whilst others were willing to pay physical money. The produce quantities proposed by farmers were converted to monetary values using the prevailing 2013 market prices.
When the produce were converted to cash the lowest WTP amount was GH¢3.00 and the highest was GH¢140.00. The amount with highest frequency was GH¢40.00 with 28 respondents, followed by GH¢56.00 and GH¢20.00 having 10 and 9 respondents respectively. Also, 49% of the respondents offered amounts within the range of GH¢10.00 -GH¢50.00, 26% also offered amounts between GH¢50.00 -GH¢100.00 and 20% of the respondents were prepared to pay GH¢0.00 -GH¢10.00. Lastly, 5% of the respondents were willing to give above GH¢100.00. Farmers on the average were willing to pay an amount of GH¢41.20 per year for weather information, with the overall data spread of GH¢29.56 around the mean. The summary statistics of the WTP amounts are shown in table 4 below whilst the frequency of the WTP bids are shown in figure 1. 
PERCENTAGES RANGES OF WILLINGNESS TO PAY AMOUNT
Determinants of Willingness to Pay. Socio-economic factors influencing farmers' willingness to pay bids for weather information was analyzed using Ordinary Least Square estimator. Table 5 shows the regression results that explains the determinants of WTP for weather forecast variables. The multivariate regression analysis gave a goodness of fit value of 0.81. This indicates that 81% of the variations in the WTP amount is explained vividly by the explanatory variables (socio-economic factors). As expected, the on-farm income is significant at 10% and has positive effect on willingness to pay bids. This relationship has a theoretical basis since contingent valuation depends primarily on the amounts individuals are willing to give for weather information. The strong significance of (1%) of on-farm income on WTP amounts has a direct influence on the demand for weather information and hence the main determinant of willingness to pay amounts. The coefficient value of 17.24 implies that if on-farm income increases by 1%, the WTP amount will increase by GH¢17.24. Sex of respondents on the other hand is positive and significant (5%) showing that males have higher WTP amount than females. This is because men have more access and control over land and hence had larger farms and larger farm incomes as compared to the women engaged in farming. Age is significant at 10% and has a positive effect on the WTP amount. This is in conformity to the a priori expectation. The positive effect is attributed to the fact that older people have greater access and control over land as compared to younger people in the Savelugu-Nanton Municipality and therefore have higher output levels that translate into their higher willingness to pay bids. Therefore, the WTP amount will increase by GH¢ 35.75 for a 1% increase in the years of the farmer.
Farm size is also significant (1%) and positive with respect to the farmers bids on willingness to pay amounts. If the farm size increases by 1%, the WTP amount will increase by GH¢ 24.31. Farmers with larger farm sizes have the potential of receiving high incomes from the sale of their farm produce and hence were willing to pay relatively higher amounts for weather information especially those with high on-farm income as well as large farm sizes. In a nut shell, the determinants of WTP for weather forecast information are age, sex, farm size and on-farm income. It was surprising to see that access to education has no effect on WTP amounts.
CONCLUSION AND POLICY RECOMMENDATIONS
In the quest for farmers to get maximum output and improve their livelihood within the major constraint of depending on rain-fed agriculture, the issue of having access to weather forecast information is very important. It is in this light that 100% of respondents expressed their willingness to pay for weather information. With an average willingness to pay amount of GH¢41.20 per year, weather information as an economic commodity is consistent with economic theory looking at it from the demand perspective of farmers. Demand for weather information rises with increasing income of farmers. Also 'income' as a variable in the regression explains well the relationship it has with WTP bids, hence the economic valuation of farmers' preference for weather information is consistent with economic theory. The consistency in the influence that, output of farmers positively affects willingness to pay bids showed once again as farm size, age and sex were also significant. This is evident as larger farms, higher ages and men had higher WTP amounts respectively, according to the regression results.
There is an urgent need for metrological report that is easily accessible and understandable to farmers. Weather information delivery should be a key factor in all agriculture policy discussions in enhancing farm risk management. Government and investors could also increase their revenue base by expanding and diversifying technology in the delivery of weather information which is specific on the weather phenomenon and location to farmers.
